(1) an increased incidence of perioperative adverse events and (2) a limited overall systemic reserve to resist the biological challenge of major complications that may arise as a consequence of adverse events in the postoperative course. However, a detailed analysis of the individual impact of common postoperative adverse events and major complications, specifically in elderly patients, has not been performed so far.
The aims of this study are (1) to investigate the occurrence of postoperative complications in patients aged over 80 years after cardiac surgery and (2) to clarify the impact of individual postoperative complications on the mortality.
Patients and Methods

Patients
Between January 1998 and December 2007, 649 patients aged over 80 years received an isolated firsttime aortic valve replacement (AVR group, n = 179), coronary artery bypass grafting (CABG group, n = 311), or CABG and AVR (Combi group, n = 159) in our institute and were included in this study. Patient data on demographics, operative data, perioperative outcome data were prospectively entered in an institutional data registry. In addition, medical records of all patients were retrospectively reviewed for this study. This retrospective study was approved by the institutional ethical board.
Definition of mortality and postoperative major complications
In-hospital death and/or 30 days mortality was defined as 'mortality'. The need of intraoperative or postoperative intraaortic balloon pumping (IABP) was defined as 'postoperative low out-put syndrome'. The need of postoperative renal replacement therapy was defined as 'renal failure', irrespective of the applied system (e.g. continuous or intermittent hemofiltration or hemodiafiltration etc.). 'Prolonged respiratory failure' was defined as repetitive failure of respiratory weaning and necessity of prolonged ventilation beyond a week with the consecutive need for a tracheotomy. 'Stroke' was defined as any neurological deficit with either a positive finding on a cranial CT-scan or with prolonged neurological deficit beyond 24 hours. A need for re-thoracotomy due to bleeding was defined as 'postoperative bleeding'. Laparotomy was performed when an acute abdomen occurred. 'Sepsis' was defined as a combination of positive blood culture and/or imaging results positive for an infection (pneumonia in X-Ray etc.) and two of the following four criteria: (1) core body temperature >38°C or <36°C (2) heart rate >90 beats/min (3) respiratory rate >20 breaths/ min or PaCO2 <32 torr (<4.3 kPa) (4) white blood cells >12.000 cells/mm 3 , <4.000 cells/mm 3 , or >10% immature (band) forms. An infection in the region of the sternal wound associated with a sternal dehiscence and the need for a surgical intervention was defined as 'mediastinitis'.
Statistical analysis
Results are expressed as mean ± standard deviation. Statistical analysis was performed using Student's t-test or one-way ANOVA for continuous variables or χ 2 tests (Fisher's exact tests if n <5) for categorical variables. Logistic regression was also used for the multivariate analysis of risk factors for mortality. A p value less than 0.05 was considered significant. All statistical analyses were performed using SPSS 16.0 software (SPSS Inc., Chicago, Illinois, USA).
Results
Patient characteristics and data on the postoperative course are presented in Tables 1 and 2 , respectively. Not surprisingly, there were significant differences in patient characteristics and intraoperative parameters among the 3 study groups. However, there was no difference among groups concerning the rate of severe complications except for postoperative low-output syndrome requiring an intraaortic balloon pumping, occurring most frequently in AVR group. To focus on the main purpose of this study, all patients were together analyzed further.
Impact of complications on mortality
The impact of each major complication on the mortality is demonstrated in Fig. 1 . Acute renal failure requiring a renal replacement therapy (55.0% vs. 7.5%, p = 0.0001), low out-put syndrome requiring an IABP-support (43.1% vs. 8.8%, p = 0.0001), sepsis (52.0% vs. 10.3%, p = 0.0001), prolonged respiratory failure with tracheotomy had (29.0% vs. 11.0%, p = 0.002), Re-thoracotomy due to bleeding (26.9% vs. 10.6%, p = 0.0001), postoperative laparotomy (30.8% vs. 11.5%, p = 0.033) had a significant impact on mortality, but stroke (0% vs. 12%, p = 0.329) and mediastinitis (10.5% vs. 11.9%, p = 0.885) were no predicting factor for mortality. 
Univariate analysis for early mortality
Univariate analysis revealed the following parameters as significant risk factors ( Table 3) 
Multivariate analysis of preoperative factors for early mortality and severe complications
As composite events including death and severe complications (low output syndrome requiring IABP-support, postoperative dialysis, thorachiotomy, stroke, mediastinitis, re-thoracotomy due to bleeding, laparotomy and sepsis), 193 patients had any event. Preoperative factors were multivariately analysed for those composite events. Age (OR 1.22, 95%CI; 1.015-1.381, p = 0.01), EF <0% (OR 1.08, 95%CI; 1.005-1.384, p = 0.04) and preoperative creatinine (OR 1.23, 95%CI; 1.121-3.578, p = 0.01) were independent risk factors.
Multivariate analysis of all factors for early mortality
All factors including preoperative, intraoperative and postoperative factors were included into multivariate analysis and the results are listed in Table 4 . Age was revealed as the only preoperative independent risk factor beside the other risk factors represented by the major postoperative complications.
Discussion
The crucial findings of the present study were: (1) simple cardiac surgery such as AVR, CABG or AVR + CABG could be performed with acceptable results even in very elderly patients, especially when no postoperative complications occurred, (2) among major postoperative complications, low out-put syndrome, renal failure requiring renal replacement therapy and sepsis impaired significantly postoperative outcome and these three postoperative complications were independent risk factors and (3) other pre-and intraoperative parameters were no independent risk factors except for an advanced age at the time of operation.
Advances in surgical procedures, anaesthetic techniques and intensive care therapy have pushed the limit of age dramatically over the past decade. Many previous studies have demonstrated that cardiac surgery can be performed with acceptable results not only in octogenarians, but also in nonagenarians. [9] [10] [11] However, it is well known that advanced age is a risk factor for mortality, and elderly patients are more likely to suffer from postoperative complications. 2, 3, 8, 9) Bridges, et al. reported from the Society of Thoracic Surgeons National Database with a total of 662033 patients that operative mortality was 11.8% for patients more than 90 years of age, 7.1% for those 80 to 89 years, and 2.8% for those 50 to 79 years and the incidence of renal failure and prolonged ventilation was highest among patients more than 90 years of age (9.2% and 12.2%), compared with those 80 to 89 years (7.7% and 10.5%) or 50 to 79 years (3.5% and 6.0%). 9) In contrast to their study, mortality in the present study was high as 12%. It may be due to delayed operation in our patient cohort as the prevalence of NYHA IV patients to be 36%.
Previous reports have focused on the prediction of overall mortality and morbidity, but the impact of each complication on mortality has not been well studied. This issue is particularly important in the elderly patients because, as the elderly patients tend to have less tolerance to postoperative complications. In the present study, postoperative renal failure requiring renal replacement therapy (55% mortality), postoperative sepsis (52% mortality), low output syndrome requiring intraaortic balloon pumping (43% mortality), postoperative laparotomy due to abdominal complications (31% mortality), prolonged respiratory insufficiency needing tracheotomy (29% mortality) and re-thoracotomy due to postoperative bleeding (27% mortality) were significant risk factors. Among these risk factors only renal failure, sepsis and low output syndrome prove as independent risk factors in our cohort. This finding suggests that in the course of preoperative patient selection and patient preparation a higher level of awareness with respect to these complications is warranted, as they represent life-threatening postoperative events in very elderly patient cohort and any effort should be done to avoid those complications.
Conclusion
The present study demonstrates that among major complications, low output syndrome, renal failure requiring renal replacement therapy and sepsis, each impaired dramatically the postoperative course in patients undergoing cardiac surgery at an age of over 80 years.
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